Involvement of the NF-kappa B/matrix metalloproteinase pathway in cardiac fibrosis of mice lacking guanylyl cyclase/natriuretic peptide receptor A.
Mice carrying a targeted disruption of the Npr1 gene (coding for guanylyl cyclase/natriuretic peptide receptor A (NPRA)) exhibit increased blood pressure, cardiac hypertrophy, and congestive heart failure, similar to untreated human hypertensive patients. The objective of this study was to determine whether permanent ablation of NPRA signaling in mice alters the expression of matrix metalloproteinase (MMP)-2 and MMP-9 and pro-inflammatory mediators such as tumor necrosis factor-alpha (TNF-alpha), leading to myocardial collagen remodeling. Here, we report that expression levels of the MMP-2 and MMP-9 genes were increased by 3-5-fold and that the expression of the TNF-alpha gene was enhanced by 8-fold in Npr1 homozygous null mutant (Npr1-/-) mouse hearts compared with wild-type (Npr1+/+) control mouse hearts. Myocardial fibrosis, total collagen, and the collagen type I/III ratio (p < 0.01) were dramatically increased in adult Npr1-/- mice compared with age-matched wild-type counterparts. Hypertrophic marker genes, including the beta-myosin heavy chain and transforming growth factor-beta1, were significantly up-regulated (3-5-fold) in both young and adult Npr1-/- mouse hearts. NF-kappa B binding activity in ventricular tissues was enhanced by 4-fold with increased translocation of the p65 subunit from the cytoplasmic to nuclear fraction in Npr1-/- mice. Our results show that reduced NPRA signaling activates MMP, transforming growth factor-beta1, and TNF-alpha expression in Npr1-/- mouse hearts. The findings of this study demonstrate that disruption of NPRA/cGMP signaling promotes hypertrophic growth and extracellular matrix remodeling, leading to the development of cardiac hypertrophy, myocardial fibrosis, and congestive heart failure.